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Chapter 3 
Social jetlag and depression 
status: results from the 
Netherlands Study of 





Social jetlag, the misalignment between the internal clock and the socially required 
timing of activities, is highly prevalent, especially in people with an evening chrono-
type and is hypothesized to be related to the link between the evening chronotype 
and major depressive disorder. Although social jetlag has been linked to depressive 
symptoms in non-clinical samples, it has never been studied in patients with major 
depressive disorder (MDD). This study aimed to study social jetlag in patients with major 
depressive disorder and healthy controls, and to further examine the link between so-
cial jetlag and depressive symptomatology. Patients with a diagnosis of MDD (n = 1084) 
and healthy controls (n=385), assessed in a clinical interview, were selected from the 
Netherlands Study of Depression and Anxiety. Social jetlag was derived from the Munich 
Chronotype Questionnaire, by calculating the absolute difference between the midsleep 
on free days and midsleep on work days. Depression severity was measured with the 
Inventory of Depressive Symptomatology. It was found that patients with MDD did not 
show more social jetlag compared to healthy controls, neither in a model without medi-
cation use (β = 0.06, 95% CI: -0.03 – 0.15, p = 0.17) nor in a model where medication use 
is accounted for. There was no direct association between the amount of social jetlag and 
depressive symptoms, neither in the full sample, nor in the patient group nor the healthy 
control group. This first study on social jetlag in a clinical sample showed no differences 
in social jetlag between patients with MDD and healthy controls. 
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Introduction
People with an evening chronotype have a preference for evening activities, a late onset 
of sleep and like to sleep in longer in the morning. Although they prefer a later timing 
of their life, society often demands an earlier timing of activities. The large differenc-
es that evening chronotypes experience in their timing of sleep during work days and 
free days leads to a sleep debt during work days and more sleep during free days, as a 
compensation (1). This difference in timing is termed social jetlag which stands for the 
misalignment between the internal clock and the socially required timing of activities 
(1). Social jetlag (SJL) is quantified as the difference between midpoint of the sleep on 
free days and the midpoint of the sleep on work days. Social jetlag is highly prevalent in 
the general population, with a peak during the end of adolescence (2). Misalignment of 
the clock is linked with obesity, an increased cardiovascular risk profile (3,4) and there is 
a relationship between social jetlag and depressive symptoms, as a previous study shows 
(5). Levandovski et al. showed a relation between social jetlag and depressive symptoms 
assessed by the Beck Depression Inventory (BDI) in an adult rural population (5,6). This 
was not replicated by De Souza et al. (2014) as they did not find a link between social 
jetlag and depressive symptoms on the BDI in adolescents (7). Sheaves et al. looked at 
students and observed no relationship between social jetlag and a higher risk for psychi-
atric symptoms, including depressive symptoms (8). A study conducted by Borisenkov et 
al. in 2015 in young adults showed that females with seasonal affective disorder, winter 
type (SAD), a sub-form of MDD, have more social jetlag compared to females without SAD. 
This was not the case in male subjects (9). Although social jetlag has not been studied 
in clinical samples, some studies have looked at late chronotype, the evening type. So-
cial jetlag is most often brought up in relation to the late chronotype since people with 
the evening chronotype show more differences in sleep timing between work- and free 
days (1). These studies linked the evening chronotype to depressive symptoms and to 
the diagnosis of major depressive disorder (10–15). As social jetlag has been suggested 
as the explanation for the mood symptoms in subjects with an evening chronotype this 
would be an interesting concept to study in a clinical sample (5,16). If there is an associ-
ation between social jetlag and depressive symptoms in patients with MDD as well, this 
might suggest an influence of the circadian misalignment on depressive symptomatolo-
gy caused by the evening chronotype.
This study investigates the relation between clinically diagnosed major depressive dis-
order and social jetlag in a large cohort study. Since the evening chronotype is typically 
found more often among patients in a current state of depression, the patient group will 
be split between patients with a current episode and patients who are remitted to test 
whether this shows differences (17). The effect of antidepressants will be studied as well. 
We hypothesize that subjects in the MDD group will experience more social jetlag than 




The subjects were derived from the Netherlands Study of Depression and Anxiety (NES-
DA), an ongoing cohort study (N=2981 at baseline, age 18–65 years) including 2329 
persons with a lifetime diagnosis of a depressive and/or anxiety disorder, as well as 
652 healthy controls. Participants were recruited from the community (19%), general 
practice (54%) and secondary mental health care (27%). The research protocol was 
approved by the ethical committee of the participating universities and all the partici-
pants provided written informed consent. For a detailed description about the NESDA 
study, see Penninx et al. (18). Data from participants who participated in the 2-year 
follow-up assessments were included in this study (n = 2596). Psychopathology was 
determined using the Composite International Diagnostic Interview (CIDI) (19) at base-
line and at the 2-year follow-up. Other measures were all derived from the 2-year fol-
low-up. The subjects included in this analysis were control subjects and patients with 
a lifetime diagnosis of MDD according to the CIDI, independent of comorbid anxiety 
disorders. Patients without a depressive episode in the preceding month at the 2-year 
follow-up, but previously diagnosed with MDD, were indicated as ‘remitted’, whereas 
patients with a depressive episode in the preceding month at the 2-year follow-up were 
indicated as currently depressed. Depression severity was measured with the Inventory 
of Depressive Symptoms (Self-Rating) (IDS-SR) (20). All subjects with a group status and 
a valid value of social jetlag were used for the analyses.
Sleep timing parameters and social jetlag
Sleep timing parameters were derived from the Munich ChronoType Questionnaire 
(MCTQ) (21). SJL was calculated as the absolute difference between the midsleep on 
free days and midsleep on work days (2).
Covariates
SJL differs across age groups and differs significantly between men and women (2). To 
adjust for differences in groups based on age and sex, these were included as covariates. 
As social jetlag is the difference between work and free days, external influences on the 
internal clock should be taken into account as well (10). Therefore, the analysis included 
the presence of children in the household as well as whether subjects had a current sta-
tus of employment. Furthermore, as social jetlag is related to sleep duration the analyses 
were adjusted for average sleep duration (2). Average sleep duration was calculated by 
taking the sleep duration on work days times 5, adding the sleep duration on free days 
times 2 and dividing it by 7. To adjust for medication use, another model was tested in 
which antidepressant use and benzodiazepine use were included as covariates. Antide-
pressants used in the analysis were selective serotonin reuptake inhibitors (ATC code 
N06AB), tricyclic antidepressants (ATC code N06AA) and other antidepressants (ATC code 
N06AF and N06AX). Benzodiazepines consisted of the ATC codes N05BA, N05CF, N05CD 
and NO3AE. Both medication groups are combined as antidepressant medication use.
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Statistics
Data was prepared using SPSS version 22 syntax, analyses were done with R (22). To 
assess group differences analysis of variance (ANOVA) was used on continuous data, 
chi-square analyses on categorical data. Multiple regression with SJL as outcome vari-
able and MDD diagnosis (yes or no) as predictor, with sex, age, employment status and 
the presence of children in the household as covariates, was used to inspect the effect 
of MDD diagnosis on social jetlag. A second model included antidepressant medication 
use (antidepressants and benzodiazepines) as a covariate. An extra analysis was run 
with a sample where MDD diagnosis is split in remitted MDD and current episode of 
MDD. To investigate the association between social jetlag and depression symptoms a 
multiple regression was conducted in the full sample, the MDD group and the control 
group with IDS-SR score as outcome variable, SJL as predictor and sex, age, employment 
status and presence of children in the household as covariates. To better understand 
the differences in social jetlag, additional analyses were run to study the differences in 
sleep timing parameters. Multiple regression analysis was performed with group status 
(healthy control or MDD diagnosis) as predictor, with sex, age, employment status and 
children in the household as covariates. 
Results
Sample characteristics
Of the 2596 participants a valid psychiatric status and social jetlag could be derived 
for 1469 subjects (figure 1). The included sample had the same number of female sub-
jects (66.3% in the included sample, 65.8% in the excluded sample, p = 0.837), was 
slightly younger than the excluded sample (mean age 41.7 years versus 47.1 years in 
the excluded sample, p < 0.001) and in the included sample the percentage of patients 
with a depression diagnosis in a current state of depression was lower compared to the 
excluded sample (35% vs 58%, p < 0.001). The included sample contained 385 control 
subjects and 1084 patients with MDD. Of the MDD patients, 874 were remitted, 210 
Figure 1. Flowchart with in- and exclusion criteria
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patients experienced a current depressive episode. Sample demographics were similar 
across groups, depressive patients were slightly more often female and MDD patients 
had more depressive symptoms. MDD patients in a depressive episode were less likely 
to be currently employed (table 1). Sleep timing characteristics and social jetlag be-
tween the groups are described in table 2. 
Table 1. Socio-demographic and clinical characteristics according to diagnosis group (n=1469).
 
Table 2. Sleep parameters between the different groups (n=1469). Times are shown in continuous variables, 
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SJL and MDD diagnosis
Multiple regression analysis was performed to test if diagnostic group (control or MDD 
diagnosis) predicted the continuous outcome social jetlag, while controlling for sex, 
age, employment status and presence of children in the household. Interaction effects 
of sex, children in household and employment status were tested and were not signifi-
cant. Patients with MDD did not have more social jetlag (β = 0.06, 95% CI: -0.03 – 0.15, 
p = 0.17) compared to the control group (table 3, model 1). Antidepressant medication 
use was tested as an interaction term, but showed no significant interaction effect. Anti-
depressant medication use was added as a covariate, and did not affect the differences 
between the patient group and the control group regards the amount of social jetlag they 
experience (table 3, model 2). However, a statistically significant association was found 
between antidepressant use and social jetlag (β = 0.16, 95% CI: 0.06 – 0.25, p = 0.002).
Table 3. Multiple regression analyses with social jetlag as outcome and MDD diagnosis as predictor. Model 1 shows 
the relation without medication effect, model 2 shows the relation when medication is added as a covariate.

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As a sensitivity analysis, this procedure was repeated in a subsample consisting of only 
those subjects with a current job or children in the household (n = 1305), as these sub-
jects tend to have social jetlag. This yielded similar results, as patients with MDD did 
not show more social jetlag compared to controls (table S1).
When the sample was split based on current episode of MDD or not, patients with a 
current episode of MDD showed slightly more social jetlag (β = 0.13, 95% CI: 0.0008 – 
0.26), p = 0.049) and when different types of medication use were added as covariates, 
no groups differences were found (table S2, model 1 and 2).
Sleep timing parameters
Table S3 and S4 show the estimates and p-values for group status (full models are avail-
able upon request). Patients with MDD showed later sleep onset on both work days and 
free days (table S3) and showed later midsleep on both work and free days (table S4).
 
SJL and depression severity
Multiple regression analysis was performed to test if social jetlag predicted the con-
tinuous depression severity score (IDS-SR), while controlling for sex, age, employment 
status and presence of children in the household in the full sample, in patients with a 
lifetime MDD diagnosis and in control subjects. The regression model showed that so-
cial jetlag provided no explanation for depression severity in the full sample (β = -0.09, 
95% CI: -0.82 – 0.64, p = 0.80), nor in the MDD subsample (β = -0.33, 95% CI: -1.18 – 
0.52, p = 0.45) nor in the control subsample (β = -0.13, 95% CI: -0.81 – 0.54, p = 0.69). 
As the IDS-SR includes 4 questions related to sleep and sleep timing, a sensitivity anal-
ysis was performed to see if there was an effect of these questions on the data (23). 
Removing these questions from the total IDS-SR score yielded similar results.
Discussion
This is the first study investigating social jetlag in clinically diagnosed patients with 
MDD. It shows that patients do not experience more social jetlag compared to healthy 
controls. When antidepressant use and benzodiazepine use were added to the model, 
there were also no differences between the groups, although antidepressant medica-
tion use was significant associated with social jetlag in the model. Patients using anti-
depressant medication could form a subgroup of patients with a more severe type of 
depression. This would indicate that patients suffering from a more severe depression 
experience more social jetlag, although we could not find an association between se-
verity and the IDS-SR score. These results are not in line with an earlier study conduct-
ed by Levandovski et al. in 2011, which found a direct relation between the amount of 
social jetlag and the severity of mood symptoms in a non-clinical sample (5). As there 
was no formal depression diagnosis in this study, these subjects may have been on the 
milder end of the mood disorder spectrum. This is illustrated by the fact that depres-
sion scores in that study were also relatively low (95% of the sample had a BDI score 
below 17). We tried to replicate this finding in our study in subjects with milder symp-
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toms, by studying the possibility of a relation between social jetlag and depression 
severity in our healthy controls. However, no association was found here either. This is 
in line with other studies that did not show an association between social jetlag and 
depressive symptoms in younger samples (7,8,13). 
As this is the first study analyzing a clinical rather than a community cohort study, this is 
also the first time the effect of antidepressants is specifically taken into account. When 
the use of antidepressants was added to the model, no differences between the groups 
were found, indicating the initial, small, differences found in the split sample are associ-
ated with the use of antidepressants. Although antidepressant use is not related to chro-
notype, the adverse effects of antidepressants on sleep might explain this association 
(10,24). This possible influence may also be related to the timing of medication, as anti-
depressant intake in the evening might have an excitatory effect and lead to later bed-
time, resulting in more social jetlag. As timing of medication intake was not measured in 
our sample, there was no way to study the effect of the moment of intake. Another possi-
bility might be that patients who need antidepressants are suffering from a more severe, 
or different type of, depression. In the current sample this possible difference in depres-
sion severity was not reflected in IDS score, most likely as they already are on treatment.
This cross-sectional study extends the prior studies by studying an adult sample with 
clinically diagnosed MDD, and from this we can conclude the effect of social jetlag 
on depression might not be as relevant as thought. The lack of a difference between 
healthy controls and patients with MDD, the small difference in social jetlag between 
the diagnostic states in the split sample (current episode vs. control subjects), which is 
influenced by medication use, and the finding of no association between social jetlag 
and depression severity suggests there is no direct effect of social jetlag on depressive 
symptoms, although there might still be an indirect effect of chronotype (10). A pos-
sible explanation for this effect might be the altered functioning of the internal clock 
in a current state of depression (25). Another mechanism for the later chronotype is 
an increase in sleep latency, as depressed patients tend to have a later sleep onset 
(26). When the sleep timing parameters derived from the MCTQ are studied, this is 
confirmed, as patients with MDD have a later sleep onset compared to healthy controls.
The large sample size and the well-defined clinical diagnosis of MDD are strengths of 
the current study. The fact that we were able to adjust for sociodemographic variables 
and medication use is another strength of this study. A limitation of the study is the fact 
that social jetlag is based on a self-reported questionnaire asking sleep timing data of 
the past weeks. The actual circadian misalignment remains unknown in this study. A 
possible method would be to study the daily patterns, calculating the daily circadian 
misalignment, which can easily be done using smart devices (27–29). Furthermore, as 
this is a cross-sectional analysis, nothing can be concluded on whether social jetlag has 
a predictive value in developing major depressive disorder or not. Lastly, the percent-
age of subjects in a current state of a depression was higher in the excluded sample. 
This might suggest subjects not in a current state are more likely to fill in the MCTQ, 
although the number of subjects with a depressive diagnosis excluded due to missing 
MCTQ data is small.
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In conclusion, there are no differences in patients with MDD and controls when account-
ing for antidepressant use, and there is no link between social jetlag and depressive 
symptomatology, implicating the link between circadian misalignment and depressive 
symptomatology might be more complicated than initially thought.
Differences between sleep timing parameters are studied using multiple regression, 
with group status (control, remitted MDD or current episode MDD) as a predictor, with 
sex, age, employment status and children in the household as covariates.
Table S3 & S4 shows the estimates and p-values for group status. Full models are avail-
able upon request.
Supplemental material
Table S1. Multiple regression analyses with social jetlag as outcome and MDD diagnosis as predictor in the 
subsample of people with current employment and children in the household (n = 1305). Model 1 shows 
the relation without medication effect, model 2 shows the relation when medication is added as a covariate.
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Table S2. Multiple regression analyses with social jetlag as outcome and MDD diagnosis as predictor for the 
splitted sample. Model 1 shows the relation without medication effect, model 2 shows the relation when 
medication is added as a covariate.
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Table S3. Multiple regression model studying reported sleep timing parameters between the groups.
 





































































Chapter 3: Social jetlag and depression status: results from the Netherlands Study of Depression and Anxiety
46
References
1.  Wittmann M, Dinich J, Merrow M, Roenneberg 
T. Social jetlag: misalignment of biological 
and social time. Chronobiol Int. 2006;23(1–
2):497–509. 
2.  Roenneberg T, Allebrandt K V, Merrow M, Vet-
ter C. Social jetlag and obesity. Curr Biol. 
2012 May 22;22(10):939–43. DOI: 10.1016/j.
cub.2012.03.038
3.  Rutters F, Lemmens SG, Adam TC, Bremmer 
M a, Elders PJ, Nijpels G, et al. Is social jet-
lag associated with an adverse endocrine, 
behavioral, and cardiovascular risk profile? 
J Biol Rhythms. 2014;29(5):377–83. DOI: 
10.1177/0748730414550199
4.  Scheer FAJL, Hilton MF, Mantzoros CS, Shea SA. 
Adverse metabolic and cardiovascular conse-
quences of circadian misalignment. Proc Natl 
Acad Sci U S A. 2009;106(11):4453–8. DOI: 
10.1073/pnas.0808180106
5.  Levandovski R, Dantas G, Fernandes LC, Cau-
mo W, Torres I, Roenneberg T, et al. Depression 
Scores Associate With Chronotype and Social 
Jetlag in a Rural Population. Chronobiol Int. 
2011;28(9):771–8. 
6.  Beck AT, Steer RA, Brown GK. Beck depression in-
ventory-II. San Antonio, TX. 1996;72498–8204. 
7.  de Souza CM, Hidalgo MPL. Midpoint of sleep on 
school days is associated with depression among 
adolescents. Chronobiol Int. 2014;31(2):199–
205. DOI: 10.3109/07420528.2013.838575
8.  Sheaves B, Porcheret K, Tsanas A, Espie CA, Fos-
ter RG, Freeman D, et al. Insomnia, Nightmares, 
and Chronotype as Markers of Risk for Severe 
Mental Illness: Results from a Student Popula-
tion. Sleep. 2016;39(1):173–81. DOI: 10.5665/
sleep.5342
9.  Borisenkov MF, Petrova NB, Timonin VD, Fradko-
va LI, Kolomeichuk SN, Kosova AL, et al. Sleep 
characteristics, chronotype and winter depres-
sion in 10-20-year-olds in northern European 
Russia. J Sleep Res. 2015;24(3):288–95. 
10.  Antypa N, Vogelzangs N, Meesters Y, Schoevers 
RA, Penninx BWJH. Chronotype associations 
with depression and anxiety in a large cohort 
study. Depress Anxiety. 2016 Jan;33(1):75–83. 
11.  Chelminski I, Ferraro FR, Petros T V, Plaud JJ. An 
analysis of the “‘ eveningness – morningness ’” 
dimension in “‘ depressive ’” college students. J 
Affect Disord. 1999;52:19–29. 
12.  Drennan MD, Klauber MR, Kripke DF, Goyette LM. 
The effects of depression and age on the Horne- 
Ostberg morningness-eveningness score. J Af-
fect Disord. 1991 Oct;23(2):93–8. 
13.  Hidalgo MP, Caumo W, Posser M, Coccaro SB, 
Camozzato AL, Chaves MLF. Relationship be-
tween depressive mood and chronotype in 
healthy subjects. 2009;63:283–90. 
14.  Kitamura S, Hida A, Watanabe M, Enomoto M, Ar-
itake-Okada S, Moriguchi Y, et al. Evening Pref-
erence Is Related To the Incidence of Depressive 
States Independent of Sleep-Wake Conditions. 
Chronobiol Int. 2010;27(9–10):1797–812. DOI: 
10.3109/07420528.2010.516705
15.  Merikanto I, Kronholm E, Peltonen M, Laatikain-
en T, Vartiainen E, Partonen T. Circadian prefer-
ence links to depression in general adult pop-
ulation. J Affect Disord. 2015;188:143–8. DOI: 
10.1016/j.jad.2015.08.061
16.  Muller MJ, Kundermann B, Cabanel N. Evening-
ness and poor sleep quality independently con-
tribute to self-reported depression severity in 
psychiatric inpatients with affective disorder. 
Nord J Psychiatry. 2015;9488(December):1–6. 
17.  Knapen S, Druiven S, Meesters Y, Riese H. Chro-
notype not associated with nonremission, but 
with current state? Sleep. 2017;40(6). 
18.  Penninx BWJH, Beekman ATF, Smit JH, Zitman 
FG, Nolen WA, Spinhoven P, et al. The Nether-
lands Study of Depression and Anxiety (NESDA): 
rationale, objectives and methods. Int J Meth-
ods Psychiatr Res. 2008;17(3):121–40. 
19.  Wittchen HU. Reliability and validity studies of 
the WHO-Composite International Diagnostic 
Interview (CIDI): A critical review. J Psychiatr 
Res. 1994;28(1):57–84. 
20.  Rush AJ, Gullion CM, Basco MR, Jarrett RB, Trive-
di MH. The Inventory of Depressive Symptom-
atology (IDS): psychometric properties. Psychol 
Med. 1996;26(3):477–86. 
21.  Roenneberg T, Kuehnle T, Juda M, Kantermann 
T, Allebrandt K, Gordijn M, et al. Epidemiolo-
gy of the human circadian clock. Sleep Med 
Rev. 2007 Dec;11(6):429–38. DOI: 10.1016/j.
smrv.2007.07.005
22.  R Core Team. R: A Language and Environment 
for Statistical Computing [Internet]. Vienna, 
Austria; 2018. 
23.  Wardenaar KJ, Van Veen T, Giltay EJ, Den Hol-
lander-Gijsman M, Penninx BWJH, Zitman FG. 
The structure and dimensionality of the In-
ventory of Depressive Symptomatology Self 
Report (IDS-SR) in patients with depressive 
disorders and healthy controls. J Affect Dis-
ord. 2010;125(1–3):146–54. DOI: 10.1016/j.
jad.2009.12.020
24.  Lam RW. Sleep disturbances and depression: a 
challenge for antidepressants. Int Clin Psycho-
pharmacol. 2006;21:S25–9. 
25.  Li JZ, Bunney BG, Meng F, Hagenauer MH, 
Walsh DM, Vawter MP. Circadian patterns of 
gene expression in the human brain and dis-
ruption in major depressive disorder. Pnas. 
2013;110(24):9950–5. 
47
26.  Mendlewicz J. Sleep disturbances: core symp-
toms of major depressive disorder rather than 
associated or comorbid disorders. World J Biol 
Psychiatry. 2009;10(4):269–75. 
27.  Fischer D, Vetter C, Roenneberg T. A novel meth-
od to visualise and quantify circadian misalign-
ment. Nat Publ Gr. 2016;1–10. DOI: 10.1038/
srep38601
28.  Knapen SE, Lek RFR Der, Haarman BCM, Schoev-
ers RA. Coping with a life event in bipolar disor-
der : ambulatory measurement , signalling and 
early treatment. 2016;1–3. 
29.  Aan het Rot M, Hogenelst K, Schoevers RA. 
Mood disorders in everyday life: A systematic 
review of experience sampling and ecologi-
cal momentary assessment studies. Clin Psy-
chol Rev. 2012;32(6):510–23. DOI: 10.1016/j.
cpr.2012.05.007
